water 2 . Application of fertilizers, prolonged discharge of industrial effluents, domestic sewage and solid waste dump also add to groundwater pollution, causing adverse health effects in human beings and animals. Quantitative parameters such as volume of water and qualitative parameters are affected also by climatic conditions, particularly temperature and precipitation which vary throughout the year. Considering these facts the study was conducted to assess the seasonal variation in physico-chemical quality of well water at Eloor industrial area, Kerala.
MATERIAL AND METHODS

Study Area
Eloor, industrial hub of Kerala, is an island spread over an area of 14.21 km 2 , located in Ernakulam district, between north latitudes 9 º 3á nd 10 º 6´ and east longitudes 76 º 20´ and 76 º 28´. Soil of this area is sandy loam type. This area is well known for large and small-scale industrial units, which account for 25% of industries of the state. Major industrial units in the area include Fertilizers and Chemicals Travancore Limited (FACT), Hindustan Insecticides Limited (HIL), Indian Rare Earths Limited (IRE), Merchem Limited etc.
Wells were randomly selected for the study from the area which is falling within 1.5 km radius of industrial units. Samples were taken directly from wells in sterile glass bottles of 250 millilitre capacity, after rinsing the bottles three times with water. In order to collect the samples directly from well, bottle with a string attached to neck was used. Another long clean string was tied to the end of sterile string and the bottle was lowered into the water and allowed to fill up. Then the bottle was raised and stoppered. The collected samples were transported to laboratory in ice within an insulated container and analyzed within 24 hours of collection.
A total of 100 well water samples, 25 each during four different seasons of the year viz. summer (February), pre-monsoon (March-May), monsoon (June-September) and post monsoon (OctoberNovember) were collected during the year 2009 and analyzed for physical parameters like temperature and pH and chemical parameters like total hardness, Chemical Oxygen Demand (COD), concentration of nitrate, fluoride, iron and heavy metals like lead, mercury, zinc and cadmium. Study was carried out in such a way that, same 25 wells were sampled during four seasons.
Temperature and pH of each sample was measured using mercury filled glass thermometer and digital pH meter respectively 3 . Total hardness of the samples was estimated using Total hardness test kit (Hi-media, India). Measurement of COD was made photometrically in Spectroquant NOVA 60 (Merck, Germany) after digesting the samples in preheated Thermoreactor TR 320 (Merck, Germany). Concentration of nitrate, fluoride, iron, lead and mercury in water samples was measured photometrically in Spectroquant NOVA 60 and expressed in mg/l. Estimation of zinc and cadmium was carried out using Atomic Absorption Spectrophotometer 4 .
Statistical Analysis
Analysis of variance (ANOVA) was done for comparing data 5 using SPSS package (version 10).
RESULTS AND DISCUSSION
Results of analysis are shown in table 1 and 2. Temperature ranged from 27-28.96 o C. Lowest temperature was recorded during monsoon and highest temperature was recorded during premonsoon, which was in accordance with ambient temperature pattern 6, 7, 8 . pH of well water was in the range of 5.75±0.19-6.30±0.09, and significant difference between seasons was not observed. pH is mainly influenced by volume of water 9 , soil type 10 , presence of chemicals and application of acidic fertilizers. Even though the soil type of Eloor is sandy loam, of higher pH 11 , pH of well water was towards acidic side. It could be due to discharge industrial effluents, which of acidic pH 12 to surface water bodies, which in turn percolate in to well water. Even in the absence of significant seasonal variation, pH was higher during monsoon and post monsoon and lower during summer and pre-monsoon seasons. The higher pH values during rainy season could be due to high photosynthesis of micro and macro vegetation resulting in production of high CO 2, shifting the equilibrium towards alkaline side 13 . This could be attributed to the presence of luxuriant vegetation inside most of the wells during rainy season. Acid pH of water may be due to dissolved carbon dioxide and organic acids such as fulvic and humic acids which are derived from decay and subsequent leaching of plant materials 14 . During dry seasons there may be death and decay of plants due to lack of sufficient water which increases the organic acid content of water in turn causing acidity. In addition great reduction in water volume in the wells also decreases the pH during dry season 9 . Acceptable range of pH for drinking water is 6.5-8.5 15 . In the present study, pH was not within this limit. Low pH of groundwater can cause gastrointestinal disorders especially hyperacidity, ulcers and burning sensation 16 . Water having pH below 6.5, causes corrosion of metal pipes, resulting in the release of toxic metals such as zinc, lead, cadmium, copper etc. Higher values of pH hasten scale formation in water heating apparatus and decrease germicidal potential of chlorine.
Total hardness was in the range of 230.00±13.15 -457.20±105.42 mg/l, with no significant seasonal variation.. Higher total hardness could be due to discharge of effluents and untreated waste 17 from polluting industries to nearby surface water sources. Highest value of total hardness was observed during summer. It could be due to the low water level and high rate of evaporation during summer 18 . Bureau of Indian Standards desirable limit for total hardness in drinking water is 300 mg/l 15 . Well water from Eloor had total hardness above this limit during summer and pre-monsoon. Hardness prevents lather formation with soap and increases the boiling point of water. Normally water hardness does not cause any direct health problems, but may cause economic problems. Hardness below 300 mg/l is considered potable but beyond this limit produces gastrointestinal irritation. Extremely hard water may lead to increased incidences of urolithiasis.
COD ranged from 81.68±5.75 to 150.56±14.07, and showed significant difference between seasons. Lowest and highest values were observed during monsoon and summer respectively. Higher values of COD indicate the presence of oxidizable organic matter 19 . The entry of sewage water, industrial effluents and the agricultural runoff might be responsible for increased level oxidizable organic matter 18 . The higher COD could be due to death and decay of plants and subsequent increase in organic matter during summer 13 . The lower COD observed during monsoon could be due to the effect of dilution.
Mean nitrate concentration of well water was in the range of 3.20±0.43-5.96±1 mg/l, which were within WHO guidelines (2006) for nitrate in 23 .
Mean fluoride concentration of well water was in the range of 0.05±0.04-0.21±0.06 mg/ l and showed no significant difference between seasons. The values were within WHO guidelines, 2006 for fluoride in drinking water (1.5 mg/l) and IS: 10500, 1991, desirable limit (1 mg/l). Detectable level of fluoride was present in wells located near to FACT. Fluoride is released into air in gaseous state and in particulate matter from factories producing phosphatic fertilizers 24 . This might cause contamination of soil, water and forage not only in the vicinity of the plant, but several kilometres from the factory 25 . FACT in Eloor was such a unit, manufacturing phosphatic fertilizers. Gypsum produced in the factory as a by product during the manufacturing of fertilizers, contains fluoride 12 . This could be one of the sources of fluoride in well waters of Eloor. Significant seasonal difference was not observed in fluoride concentration which could be attributed to continuous industrial activities. From the first hand information from the people, it was understood that gypsum was accumulated in the factory premises. This favoured leaching during monsoon season increasing the concentration in well water during monsoon. A small amount of fluoride is beneficial for human health to prevent dental caries. However when consumed in higher doses (>1.5 mg/l) it leads to dental fluorosis and excessively high concentration (>3 mg/l) may lead to skeletal fluorosis. Crippling skeletal fluorosis can occur in water supply containing more than 10 mg/ l of fluoride. During the survey, it was understood that 6.9 per cent animals were having lameness. This could be attributed to fluoride toxicity through ingestion of contaminated water and forage.
Mean iron concentration ranged between 0.29±0.02 and 0.95±0.33mg/l. The value was within the desirable limit (0.3mg/l) (IS: 10500, 1991), only during monsoon season. Higher iron content observed in Eloor might be due to the influence of industrial units, discharging iron containing waste products. Analysis of waste products 12 generated by HIL, Merchem Limited and FACT showed that significant amount of iron is generated by these industrial units. These industries discharge their waste products into nearby surface water bodies which ultimately leads to ground water contamination. Some of the people complained that their water often gets red colour and taste of rust. Significant difference between mean iron concentrations of four seasons could not be observed. However, iron concentration was highest during summer (0.95±0.33 mg/l) and lowest during monsoon (0.29±0.02 mg/l). Higher level of iron in groundwater during summer might be due to concentration effect 26 . Toxic effect due to exposure to iron leads to abdominal discomfort, lethargy and fatigue. Liver is the major site of iron storage. Excess iron deposition leads to shrinkage of liver, followed by fibrosis and cirrhosis. Ingestion accounts for most of the toxic effect of iron because iron is absorbed rapidly in gastrointestinal tract.
Mean lead concentration was in the range of 0.30±0.03-0.72±0.16 mg/l, and was above WHO guidelines, 2006 (0.01 mg/l) and IS: 10500, 1991 (0.05 mg/l) for lead in drinking water. Eloor being an industrial area is subjected to the discharge of effluent containing lead to nearby water bodies. Analysis of waste products 12 generated by HIL, Merchem Limited and FACT showed that significant amount of lead is generated by these industrial units in their waste products. The effluents rich in lead are discharged to water bodies nearby and subsequently affect the groundwater quality of the area. Even though there was no significant seasonal variation, monsoon samples showed lowest concentration and pre-monsoon season showed highest concentration. In Eloor, water bodies were exposed to continuous discharge of effluents irrespective of season. This may be the reason for lack of significant seasonal variation. Combined effect of decreased amount of water and slight leaching during pre-monsoon shower might have contributed to higher lead concentration during premonsoon. Lowest lead concentration observed during monsoon season could be attributed to dilution. Exposure to lead is cumulating over time. High concentration of lead in body can cause death or permanent damage to central nervous system and kidneys. This damage commonly result in behaviour and learning problems, memory and concentration problems, high blood pressure, hearing problem, headache, reproductive problem, digestive problems, muscle and joint pain. Lead poisoning stunts a child's growth, damages the nervous system and cause learning disabilities. It was noted that a school for mentally retarded children is functioning in the panchayath. In animals lead poisoning causes neurological signs preceded or accompanied by gastrointestinal malfunctions. Death of cattle, following nervous signs as reported by one farmer might be attributed to lead poisoning. Abortion in cattle at 5 to 6 month of gestation was also reported by some farmers suggestive of lead toxicity 27 . Gastroenteritis is also associated with lead toxicity due to the caustic action of lead on alimentary mucosa 26 .
Throughout the study no mercury could be detected in well water samples
Mean zinc concentration was in the range of 0.06±0.01-0.21±0.04 mf/l, and was within the limit of 5 mg/l as prescribed by Bureau of Indian Standards (IS: 10500, 1991). Analysis of waste products generated by HIL, Merchem Limited and FACT was conducted by environment impact assessment on Eloor-Edayar Industrial Belt 12 . The analysis report pointed out that significant amount of zinc is generated by these industrial units, which inturn deteriorate the ground water quality. The concentration was highest during summer season. During summer, depletion of water leads to greater concentration of metals 26 .
Mean cadmium concentration varied from 0.003±0.001-0.05±0.005 mg/l, and showed significant difference between seasons. Analysis of waste products generated by Hindustan Insecticides Limited (HIL), Merchem Limited and Fertilizers and Chemicals Travancore Limited (FACT) was conducted by Environment Impact Assessment on Eloor-Edayar Industrial Belt 12 , and found that these industries discharged some amount of cadmium in their waste products, deteriorating the groundwater quality. Cadmium concentration was found to be highest during monsoon, which might be due to leaching during monsoon. It was found that mean cadmium concentration s exceeding the WHO guideline (0.003 mg/l) during pre-monsoon, monsoon and post monsoon and IS: 10500, 1991 (0.01 mg/l) desirable limit during monsoon. Cadmium is bio accumulative and persistent in the environment. Cadmium has no biochemical and nutritional function and is highly toxic to human being, plants and animals. In human beings and animals cadmium causes kidney damage. In lower doses cadmium can produce coughing, headache and vomiting. In larger doses cadmium can accumulate in liver and kidneys and can replace calcium in bones, leading to painful bone disorders and renal failure. Kidney is considered to be the critical target organ in humans chronically exposed to cadmium by ingestion.
Ground water quality in the study area showed seasonal variation for temperature, COD, concentration of nitrate, zinc and cadmium, and exceeded the limits, WHO guidelines and IS: 10500, 1991. In order to improve quality of groundwater and to protect people and animals from the perils of groundwater contamination, it is essential to initiate measures to check the pollution from industrial effluents through strict enforcement of legislation for industries. Regular groundwater quality monitoring network stations should be established. Replacement of damaged pipelines and lining of sewer drains is necessary to prevent the leakage of sewage in pipes and seepage through unlined channels and prevent the mixing of sewage with groundwater. Education of public on safe handling and use of drinking water is also recommended.
